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Clinical studies indicate that genetic factors play a crucial role in primary osteoarthritis and
osteoporosis. In addition, it has been suggested that these two diseases are inversely related.
Within a population, one can find two sub-groups: the ‘‘bone formers’’ and the ‘‘bone losers’’.
The changes to the joint surfaces used to assess adult age at death are related to the loss of
bone substance and to bone formation (osteophytes). The modification of these indicators
with age differs between bone formers and bone losers. Therefore, age-at-death assessment
methods should make use of two standards, one for each sub-group. A preliminary study
examining the possibility of distinguishing those who lose cortical bone from those who show
signs of bony formation was conducted on a series of skeletons from Portugal, dating to the
end of 19th century and the beginning of the 20th. Bone loss was evaluated using the cortical
index (CI) of the second metacarpal on X-rays. The presence of osteophytes on dry bones was
assessed macroscopically.
Our study indicates that females’ CI decreases with age, whereas the presence of osteophytes
is strongly related to age in both sexes. But we have failed to find the inverse relationship- see front matter r 2007 Elsevier GmbH. All rights reserved.
.jchb.2006.08.002
nding author. Tel.: +335 40 00 25 39.
dress: schmitt.aurore@wanadoo.fr (A. Schmitt).
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individuals are not likely to develop osteophytes.
r 2007 Elsevier GmbH. All rights reserved.
Re´sume´
De nombreuses e´tudes de´montrent que les facteurs ge´ne´tiques jouent un roˆle crucial dans le
de´veloppement de l’arthrose et de l’oste´oporose et que ces deux maladies sont inversement
proportionnelles. En effet, au sein d’une meˆme population, deux groupes se distinguent: les
)bone fomers* (ceux qui fabriquent de la substance osseuse) et les )bone losers* (ceux qui ont
tendance a` la perdre). Or, les modifications des surfaces articulaires utilise´es pour estimer l’aˆge
au de´ce`s des adultes sont lie´es a` la formation et a` la perte de substance osseuse. Par
conse´quent, ces indicateurs e´voluent diffe´remment selon la cate´gorie a` laquelle l’individu
appartient. Chaque me´thode devrait donc proposer deux standards diffe´rents. Pour tester cette
hypothe`se, une e´tude pre´liminaire a e´te´ mene´e sur une se´rie de squelettes portugais (fin du
19ie`me/de´but du 20ie`me sie`cle). Son objectif est de savoir s’il est possible de distinguer les )bone
formers* des )bone losers*. La perte osseuse a e´te´ e´value´e par l’index cortical du second
me´tacarpien sur radiographies. La pre´sence d’oste´ophytes a e´te´ diagnostique´e sur os sec. La
relation inverse entre les oste´ophytes et la perte osseuse n’a pas e´te´ de´montre´e. Par conse´quent,
la tentative de distinguer les )bone losers* et les )bone formers* s’est re´ve´le´e infructueuse.
Toutefois, notre e´tude indique que certains individus ne de´veloppent pas d’oste´ophytes.
r 2007 Elsevier GmbH. All rights reserved.Introduction
Assessing the age at death of adult skeletons is one of the most difficult problems
in forensic and physical anthropology. Age-related processes show great variation in
expression and degree of change with increasing age, both within and among
populations (Harper and Crews, 2000; Schmitt, 2002). The relationship between
chronological age and skeletal age indicators is neither constant nor linear.
Therefore, adult ages at death cannot be estimated with accuracy from skeletal
data (Cox, 2000).
Most morphological methods are elaborated on joint surfaces such as the
auricular surface of the ilium. The technique proposed by Lovejoy et al. (1985) to
assess age at death from this indicator was recently revised by several researchers
(Boldsen et al., 2002; Buckberry and Chamberlain, 2002; Igarashi et al., 2005;
Schmitt, 2005). These studies indicate a large variability between individuals in
morphological changes with ageing. Such results were expected since the modifica-
tion with age of this joint surface is related to loss of bone substance and bone
formation. Degeneration of the cartilage, inducing the formation of osteophytes
defines primary osteoarthritis, while reduced bone mass inducing an increased risk of
fragility fractures characterizes osteoporosis. Both diseases appear with increasing
age in all human populations. They are related to various factors (ageing, genetic,
hormonal and lifestyle) that are major contributors to their onset and progression.
However, there is strong evidence that genetic factors play a crucial role in the
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Ralston, 2005; Spector and MacGregor, 2004).
Over the last several decades, the inverse association between osteoarthritis and
osteoporosis has been demonstrated in many clinical studies (Belmonte-Serrano
et al., 1993; Bettica et al., 2002; Bischoff et al., 2000; Burger et al., 1996; Del Puente
et al., 2003; Dequeker et al., 2003; El Miedany et al., 2000; Hochberg et al., 2004;
Iwamoto et al., 2002; Marcelli et al., 1995; Naganathan et al., 2002; Nevitt et al.,
1995; Sowers et al., 1999; Yahata et al., 2002). Individuals with clinical and
radiographic osteoarthritis present higher adjusted levels of bone mass than those
without osteoarthritis. Alterations in the bone in patients with osteoarthritis lead to
increased bone formation and protect against bone loss. These patients are known as
‘‘bone formers’’ (Crube´zy et al., 2002; Greenfield and Goldberg, 1997) and the others
as ‘‘bone losers’’.
These findings bring new insight into methods for assessing the age at death of
adults. If osteoarthritis and osteoporosis are inversely associated, then a skeletal
series should be divided into bone losers and bone formers. As the morphological
modifications of joint surfaces with age do not follow the same pattern in each
category, any methods based on bone loss and bone formation should make use of
two standards.
The first step consists of verifying whether the identification of bone formers and
bone losers is possible in a skeletal series.
In the present paper, the association between shoulder, elbow, wrist, hand, spine,
hip, knee, ankle and foot osteophytes and bone loss, is analysed in a skeletal series
from a cemetery in Coimbra, Portugal. The analysis takes sex and age into account.Materials
Our skeletal sample was chosen from the large Identified Skeletal Collection of the
Museum of Anthropology, and consisted of 505 skeletons of individuals identified as
Portuguese (Rocha, 1995). The individuals died between 1910 and 1936. In order for
a specimen to be selected, several criteria had to be met. Skeletons affected by
tuberculosis, cancer and rheumatoid diseases were excluded. This exclusion applied
not only to obvious and declared pathological cases but also to questionable cases.
Specimens affected by osteoarthritis related to fractures were also excluded. Other
criteria were bone preservation and a homogeneous age-at-death distribution. One
hundred and thirty specimens (65 females, 65 males) were available. Age at death
ranged from 21 to 89 years, with a mean age of 49.8, SD ¼ 17.75 (Fig. 1).Methods
Among the signs of osteoarthritis, only marginal osteophytes, due to the
ossification of joint capsules and ligaments, are signs of overall bone formation.
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Fig. 1. Distribution of age at death in years of the skeletal sample.
A. Schmitt et al. / HOMO—Journal of Comparative Human Biology 58 (2007) 53–6656Some authors consider osteophytes as characteristic of osteoarthritis (Crube´zy et al.,
2002; Resnick and Niwayama, 1988). Following the latter, in the present study we
have used osteophytes as the identifier of osteoarthritis. The presence of osteophytes
was marked as grade 1 and their absence was marked as grade 0. In each skeleton,
each joint was observed (shoulders, elbows, hands, wrists, spine, hips, knees and
feet).
Dual-energy X-ray absorptiometry (DXA) or bone density scanning is largely
used to study bone loss on living individuals, but in archaeological skeletons the
densiometric readings may be biased by alterations in bone density during diagenesis
(Bell and Jones, 1991; Mays et al., 1998). Thus, it is equally appropriate to assess
bone loss in osteological series by radiogrammetry. This technique consists of
measuring the thickness of cortical bone on radiographs in the second metacarpal.
Radiogrammetry remains an important research tool in epidemiological studies on
living populations (e.g. Crespo et al., 1998; Kalichman et al., 2002, 2005; Maggio
et al., 1997; Montalban Sanchez et al., 2001; Haara et al., 2006), but recently, it has
also been used in studies of cortical bone loss in archaeological human remains to
assess the probable prevalence of osteoporosis in the past (Mays, 2000, 2001, 2006).
X-ray equipment is available to most osteologists (Mays, 1996); thus, this method is
also more convenient to use in osteological research.
Only perfectly intact bones without soil erosion were selected. Antero-posterior
radiographs were made of the left metacarpal. Either left or right is suitable for use
(Ives and Brickley, 2004).
Radiographs were taken using mammogram film (Agfa Curix Blue) with an
exposure time of 10 s at 6.4mA. An exposure of 45 kV was used. Cortical thickness
measurement was obtained using the cortical index (CI):
CI ¼ total bone widthmedullary width
total bone width
 100.
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midshaft using Adobe Illustrator.
Statistical analyses were carried out using SPSS for Windows version 9.0.1. Simple
linear regression was used to examine the correlation between CI and age for the two
sub-samples determined by the sex. As individuals lose bone after reaching middle
age (Mays, 2000, 2001), the regression analyses were done on individuals over
40 years old.
Comparison of mean values of age and of CI by grade of hand, hip, knee and
spine was performed using one-way analysis of variance (ANOVA). In order to
evaluate the real effects of osteophytes, it was necessary to take into account the
confusion of these effects with those of ageing in the modelling of CI. Therefore, an
analysis of covariance was used. This is a generalization of both classical regression
and one-way ANOVA and it relies on the General Linear Modelling approach
(McCullagh and Nelder, 1989; Scheffe´, 1959). In order to test the effect of a factor
(such as osteophytes presence) on the mean value of a dependent variable (such as
CI), it is theoretically justified to embed a current model (CIintercept+age) in a
wider model that includes this factor as an extra covariate (CIintercept+age+
osteophytes). The analysis of covariance is the correct way to test these nested
models. In our case the aim was to test the relationship between CI and osteophytes
by taking into account the effect of ageing.Results
Correlation between the CI and age was significant in both sexes (po0.001).
However, the correlation coefficient in females (r ¼ 0.7259) was higher than that in
males (r ¼ 0.083). The CI tended to diminish with age in females but not in males
(Fig. 2). Thirty-nine women (60%) and thirty-eight men (58%) had at least one joint
affected by osteophytes. The number of affected sites in each individual varied
between 0 and 11 for both sexes. The median value was 1.
Mean values with standard deviations for age and cortical index by presence of
osteophytes are shown in Table 1. The mean values of age were statistically
significantly different by grade of osteophytes for all joints in both sexes.
Women with knee and spine osteophytes presented a lower CI than those without
osteophytes. It is likely that the relation observed between the CI and the
osteophytes is actually an effect of age. Therefore, we used the explanatory
covariates, age and osteophytes both in the same model, as far as the women were
concerned.
The analysis of covariance is an ordinary least-squares estimation in the general
linear model with age and a dummy variable (with value 0 when the subject does not
present osteoarthritis and with value 1 when osteoarthritis is present) as regressor.
The results in Table 2 show that in females only age is related to CI. For instance,
the model CIage+knee osteophytes gives the estimated formula: CI ¼ 74.188
0.371*age for women with knee osteophytes and CI ¼ 70.6850.371*age1.356 for
women without knee osteophytes. The difference is the estimated parameter of the
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Fig. 2. Distribution of cortical index by age for men (a) and women (b).
A. Schmitt et al. / HOMO—Journal of Comparative Human Biology 58 (2007) 53–6658osteophytes factor in this model. This difference is not statistically significant
(p ¼ 0.671). Both regression lines may be considered as equivalent. The relationship
between CI and knee osteophytes in women is not causative but related to age. The
same kind of result was obtained for spine osteophytes (Table 3).
Therefore, bone formers are not distinguishable from bone losers in our skeletal
sample, as the inverse relationship between osteophytes and bone loss is not
demonstrated.Discussion
The loss of bone density, especially in post-menopausal women, is documented by
many researchers (Burger et al., 1996; Hannan et al., 1993; Iwamoto et al., 2002;
Jones et al., 1995; Nuti and Martini, 1993; Peterlik, 1997; Schneider et al., 2002). The
deficiency of oestrogen observed with ageing is an important factor in the
pathogenesis of bone fragility (Currey, 1969). The oestrogen withdrawal increases
the rate of bone remodelling. As more bone is resorbed than replaced, it induces
bone loss (Nordin and Polley, 1987). This pattern is observed not only in
contemporary populations but also in the skeletal sample from the Identified
Spitalfields Collection from 18th and 19th century (Mays, 2000, 2001). Extensive
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Table 1. Distribution of cortical index and age by grade of osteophytes for shoulder, elbow,
wrist, hand, hip, knee, ankle and foot
Shoulder Female Male
Cortical index Age N Cortical index Age N
Absent 55.5711.2 42.1716.6 35 64.1710.5 36.3711.5 27
Present 53.1711.9 62.12714.3 29 63.3710.8 57.69713.5 29
p-value 0.383 o0.001 0.767 o0.001
Elbow
Absent 55.9710.7 45.1716.1 45 63.6710.5 43.3714.9 40
Present 50.8712.8 65.58715.8 19 64.5712.1 56.27715.9 15
p-value 0.107 o0.001 0.801 0.007
Wrist
Absent 54.5710.6 47.5718.4 48 64.5710.7 46716.3 51
Present 54.4714.2 62.19714.2 16 55.775 61.6710.8 5
p-value 0.997 0.005 0.075 0.042
Hand
Absent 55.2712.1 47.3718.8 47 63.9711.2 43.03+/16.8 39
Present 52.279.5 61.9712.6 17 63.279.2 57.4710.4 17
p-value 0.365 0.004 0.833 0.002
Hip
Absent 57.378.2 38.2713.9 26 63.4710.6 37.4711.6 25
Present 52.4713 60.1715.9 38 63.9710.8 55.4715.5 31
p-value 0.099 o0.001 0.859 o0.001
Knee
Absent 58.378.7 39.1714 32 63.179 40713.8 32
Present 50.9712.6 62.7713.8 31 64.6712.6 58714.2 31
p-value 0.009 o0.001 0.617 o0.001
Ankle
Absent 55.5710.1 45.77717.3 43 63.7710.5 44.49714.2 43
Present 52.3714.2 62.1716.5 19 64711.5 55.5720.3 19
p-value 0.313 0.001 0.94 0.036
Foot
Absent 54.1711.4 49.8719.1 54 64710.6 44.8715.3 49
Present 57.2710.9 58.478.4 8 61.5710.8 65714.9 7
p-value 0.475 0.217 0.562 0.002
Spine
Absent 58.88710.2 36.9711.5 30 66.378.6 35.5711 19
Present 50.4711.3 63.8713.7 34 62.6711.6 54.1714.3 35
p-value 0.003 o0.001 0.24 o0.001
Standard deviations are given after the 7 sign.
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Table 3. ANCOVA analyses of cortical index with age and spine osteophytes as covariates for
females
Parameter B Standard error t Significance
Constant 76.534 6.264 12.218 o0.001
Age 0.409 0.095 4.312 o0.001
Spine O: 0 2.551 3.486 0.732 0.467
Spine O: 1 0a
B: Estimated values of regression coefficients.
t: Student statistic for testing the null hypothesis.
O: Osteophytes.
aThis parameter is 0 because it is redundant.
Table 2. ANCOVA analyses of cortical index with age and knee osteophytes as covariates for
females
Parameter B Standard error t Significance
Constant 74.188 5.775 12.846 o0.001
Age 0.371 0.088 4.213 o0.001
Knee O: 0 1.356 3.179 0.427 0.671
Knee O: 1 0a
B: Estimated values of regression coefficients.
t: Student statistic for testing the null hypothesis.
O: Osteophytes.
aThis parameter is 0 because it is redundant.
A. Schmitt et al. / HOMO—Journal of Comparative Human Biology 58 (2007) 53–6660data on metacarpal changes in various populations show bone loss with ageing in
both sexes (Falch and Sandvik, 1990; Geusens et al., 1986; Maggio et al., 1997). In
our study, the association between CI and age is statistically significant in both sexes,
but much greater in women than in men. Men over 60 years old (Fig. 2b) show no
wider medullary cavities than younger individuals. There is a great interindividual
variation in the rate of resorption from the endosteal surface. The primary causes of
age-related bone loss in men are complex and not completely understood (Halloran
and Bikle, 1999). In men, there is no midlife increase in bone remodelling. Besides,
men start with a larger skeleton at the peak of physical development and trabecular
bone loss proceeds with less architectural disruption (Seeman, 2004).
In both sexes we observe a strong correlation between age and the presence of
osteophytes, whatever joint is involved. In our sample, osteophytes were present in
77 cases in individuals 27–89 years old. But it is relevant to note that osteophytes
were absent in 53 individuals between 21 and 54 years of age. We do not reject the
hypothesis that some of these individuals would have developed osteoarthritis if they
had lived longer. However, this distribution may indicate that within a population
some individuals are bone formers and others are not. The reasons for cartilage
degeneration and bone formation are still poorly understood (Ortner, 2003). Risk
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involves complex interactions between anatomy, physiology, biochemistry and
the biomechanical function of the joint (Falchetti, 2002; Resnick and Niwayama,
1988). There is a general consensus that joint use is an important factor. But
there may be also a genetic predisposition expressed through metabolic and
endocrine factors that increase the probability of osteoarthritis occurring (Solomon,
2001). Some individuals may have increased potential to form bone (Rogers and
Waldron, 1995).
The relationship between cortical bone loss measured on the second metacarpal
and osteophytes on the skeleton joints was tested. In both sexes, individuals with
osteophytes had a similar age-adjusted CI to those without osteophytes. It would be
surprising that our study failed to confirm the association between osteoarthritis and
bone loss only because the individuals in our sample lived at the end of the 19th to
the beginning of the 20th century. It seems very unlikely that the fundamentals of
bone physiology have changed in such short time, in a manner that would separate
our population from the present (Brickley and Waldron, 1998).
The techniques used to diagnose osteophytes and bone loss on dry bones might
not be appropriate for this study. But in most clinical studies, osteoarthritis is
diagnosed by the Kellgren and Lawrence (1957) radiological criteria which take into
account the presence of osteophytes. Bone mass assessed on the radiographs of the
second metacarpal is more likely to explain our negative results. Considering this
particular point, our study is comparable only with the study of Kalichman et al.
(2002). These authors used CI and roentgenographic densitometry of hand bones to
assess bone loss. After adjustment for age, correlation between hand osteoarthritis
and traits of osteoporosis (CI and densitometry of the hand) became very low and
insignificant in both sexes.
One may argue that CI is not an appropriate technique to diagnose bone loss
because cortical bone is later and to a lesser degree affected by osteoporosis. The
physiological turnover in cortical bone is much slower and less severe than in
cancellous bone (Ortner, 2003). But radiogrammetry on the second metacarpal is
proved to be a relevant diagnostic tool in osteoporosis (Boonen et al., 2005; Crespo
et al., 1998; Haara et al., 2006) and loss of cortical bone plays an important role in
increasing bone fragility (Boyce and Bloebaum, 1993). Besides, some studies using
DXA (Drees et al., 2005a, b; Hochberg et al., 1991, 1994, 1995, 2004; Hulet et al.,
2002; Kalichman et al., 2002; Ohtsuka et al., 2002; Schneider et al., 2002) could not
confirm the inverse relationship between osteoarthritis and osteoporosis.
According to the review of Dequeker et al. (2003), 43 studies published between
1972 and 2002 show associations between higher mean levels of bone mineral density
measured at the lumbar spine and/or hip and the presence of radiographic
osteoarthritis at multiple sites including hand, hip, knee and lumbar spine. Only 10
studies reported no increase in bone density associated with osteoarthritis. However,
it is difficult to compare these studies which analyse the association between
osteoarthritis and high bone mass density. Sample selection, technical methods and
anatomical sites for osteoarthritis and bone mineral density diagnosis vary greatly
between studies.
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many are limited to post-menopausal women (Bettica et al., 2002; Iwamoto et al.,
2002; Schneider et al., 2002; Yahata et al., 2002; Del Puente et al., 2003) or elderly
people (Marcelli et al., 1995; Nevitt et al., 1995; Burger et al., 1996). Generally,
the samples were not randomized in the majority of the studies. For some
investigations, the subjects were selected because they showed severe osteoarthritis
(Hulet et al., 2002). In other studies, the sample was constituted of volunteers
(Hochberg et al., 1991, 1994, 1995, 2004) or was selected from a geriatric hospital
(Bischoff et al., 2000). The number of individuals varied from 40 to thousands.
Generally osteoarthritis is radiographically diagnosed according to the Kellgren
and Lawrence (1957) system. However, in a few studies the diagnosis of
osteoarthritis has been based on a clinical physical examination (Bischoff et al.,
2000; Schneider et al., 2002) which may furnish different results than radiological
diagnosis. Hand radiographs may lead to the overdiagnosis of osteoarthritis since
many individuals are considered affected, although they do not suffer from
symptoms (Schneider et al., 2002).
The majority of the studies used DXA to determine bone mineral density, but
other methods were also used, such as quantitative ultrasound measurement
(Belmonte-Serrano et al., 1993; Bischoff et al., 2000; Naganathan et al., 2002) and
metacarpal percentage of cortical area (Hochberg et al., 1991, 1994, 1995; Yahata
et al., 2002).
The anatomical site of bone mass measurements varies between the studies. It is
often measured on bones located near weight-bearing joints, such as femur, lumbar
spine or knee (e.g. Sowers et al., 1999; Schneider et al., 2002; Marcelli et al., 1995;
Burger et al., 1996; El Miedany et al., 2000; Del Puente et al., 2003). However, many
studies proposed to measure bone mineral density in a peripheral bone site such as
radius, metacarpal or phalanges (e.g. Hochberg et al., 1991, 1994, 1995; Bischoff
et al., 2000; Iwamoto et al., 2002; Yahata et al., 2002; Ohtsuka et al., 2002).
Furthermore, the distance between osteoarthritis sites and sites of bone mineral
density measurements varied between the studies.
In reality, the mechanisms behind the relationship between osteoarthritis and
osteoporosis may be more complex than previously suggested. Studies on this topic
are rather complex because bone mass and osteoarthritis share common confounders
such as weight, several lifestyle risk factors and physical activity (Naganathan et al.,
2002) which may induce an indirect relationship. Moreover, the phenotype of bone
fragility and osteoarthrosis is poorly defined (Falchetti, 2002; Seeman, 2003).
Osteoarthritis and increased bone loss may develop independently in an individual
(Kalichman et al., 2002) and, it is well recognized that bone loss and osteoarthritis
are both common in elderly patients (Cooper et al., 1991; Dequeker, 1997; Sandini
et al., 2005; Sowers et al., 1991). Indeed, in several studies (Hochberg et al., 2004;
Iwamoto et al., 2002; Hulet et al., 2002; Schneider et al., 2002), patients with low
bone density also had osteoarthritis. Dequeker et al. (2003) interpreted this fact as an
increased bone loss due to local disability in relation to the joint affected by
osteoarthritis. But in some of these studies (Iwamoto et al., 2002; Hochberg et al.,
2004; Schneider et al., 2002), sites of bone mineral density measurements were
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relationship between osteoarthritis and low bone density was sometimes restricted to
the low or middle grades of osteoarthritis but did not concern the worst grade, i.e.,
grade 4 of the Kellgren scale (Hannan et al., 1993; Iwamoto et al., 2002). Decrease in
physical activity due to symptoms of osteoarthritis could contribute to accelerated
bone loss (Yahata et al., 2002). On the other hand, a relation between bone density
and occupation, disability or pain was not found in several other studies (Burger
et al., 1996; Hannan et al., 1993; Mays, 2001; Nevitt et al., 1995).
Our study failed to show an inverse relationship between osteoarthritis, diagnosed
by the presence of osteophytes and bone loss assessed by radiogrammetry.
Consequently, the classification of archaeological skeletons into bone losers and
bone formers in order to improve the performance of methods assessing age at death
was not possible in our study. Since the assessment of adult age at death has been
problematic in palaeoanthropology, our negative result remains relevant and such an
investigation was worthwhile. Besides, our study confirmed the notion of bone
formers. Our sample was composed of individuals from a rather low social class and
with similar occupations and life styles. Nevertheless, some of these subjects
developed osteophytes whereas others had no joint affected by ageing.
This result deserves further investigation on other samples of known age and sex.Acknowledgements
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